Mangoes contain antioxidants such as carotenoids, polyphenols, and tannins, which are known for their beneficial effect on free radical elimination, lifestyle disease prevention, and blood cholesterol control 9 11 ; further, mangoes can be used as an astringent for mucous inflammation 12 14 .
In addition, mango barks have been used in dyes 15, 16 .
Generally, plant-based natural or organic cosmetics are desirable because they are gentle on the skin and have no adverse effects 17 19 . For example, olive extract has been proposed as a principal ingredient in cosmetics, anti-aging products, and whitening agents 20 22 . In addition, shea butter has low viscosity and can be taken up by osmosis; it has beneficial effects on the skin and is often used as cosmetic butter or oil in beauty products 23 25 .
Often, mango seeds are discarded as waste after the extraction of mango juice. Therefore, the primary aim of this study is to estimate the fatty acid composition of the oil extracted from mango seeds obtained from different cultivation areas and to use this oil for conducting deodorization tests. The secondary aim is to produce lotion and soap from mango seed oil and evaluate their potential use in cosmetics.
MATERIALS AND METHODS

MATERIALS
Mangoes were harvested from Miyazaki, Japan, and Taiwan in 2012. The kernels were ground to powder by using a metallic mill; 712.5 g and 300.8 g of powder was obtained from Miyazaki and Taiwan mangoes, respectively.
METHODS
Preparation of mango seed kernel oil
The powder from the kernels was extracted in n-hexane for 1 week, yielding a yellow oil Miyazaki, 69.7 g; Taiwan, 12.1 g . The oil was then decolorized using activated clay, yielding a colorless seed oil as the final product Miyazaki, 67.5 g; Taiwan, 11.2 g . Oils accounted for 9.78 and 4.02 of the mango seeds from Miyazaki and Taiwan, respectively.
Determination of fatty acid composition
The mango seed oil was esterified by using boron trifluoride-methanol to produce a greater number of volatile methyl esters. The fatty acid composition was then determined by gas chromatography GC; GC-2014; Shimadzu , using a TC-70 column φ0.25 mm 60 m with a flame ionization detector FID . Helium was used as the carrier gas. The temperatures of the column, injector, and detector were 190 , 250 , and 260 , respectively.
The methyl ester analogs of the fatty acids were used for peak identification. The retention times were then compared with that of a standard solution of fatty acid methyl esters. 2.2.3 Determination of lipid class composition of mango seed kernel oil The lipid class composition of the seed oil was determined by GC using a TC-70 column φ0.25 mm 60 m equipped with an FID; helium was used as the carrier gas. The temperatures of the column, injector, and detector were 190 , 250 , and 260 , respectively.
A commercial standard was used for peak identification. The retention times were then compared with that of a standard solution of glycerol.
Deodorizing effect of mango seed kernel oil
To test the deodorizing properties of the oil, the oil 1 g was placed in a flask, and each of the odorous substances was added; then, the flask was closed airtight and kept for 30 min. In this study, ammonia 150 ppm , trimethylamine 20 ppm , hydrogen disulfide 20 ppm , methyl mercaptan 5 ppm , acetic acid 50 ppm , formaldehyde 30 ppm , acetaldehyde 100 ppm , isovaleric acid 50 ppm , 2-nonenal 5 ppm and allyl mercaptan 0.5 ppm were used as the odorous substances. For the former eight odorous substances, the residual concentration was determined using a gas detector tube after kept the flask airtight for about 30 min. The residual concentration of 2-Nonenal was determined by GC using a Unisole F-200 30/60 column φ3.2 mm 2.1 m equipped with an FID; the carrier gas flow rate was 50 mL/min N 2 . The column temperature was 120 , and the injector and detector temperatures were 200 . The residual concentration of allyl mercaptan was determined by GC using a TCEP column 1,2,3-tris 2-cyanoethoxy propane; φ3.2 mm 2.1 m equipped with a flame photometric detector FPD ; the carrier gas flow rate was 40 mL/min N 2 . The column temperature was 50 , and the injector and detector temperatures were 200 .
The variables were determined according to the following equation.
Deodorization rate
Deodorized concentration ppm Initial concentration ppm 100 2.2.5 Chemical properties of mango seed oil 2.2.5.1 Neutralization number Mango seed oil 0.25 g was weighed in triplicate and dissolved in a solution of diethyl ester and ethanol 25 mL, 1:1 . This procedure was repeated three times. The neutralization number was measured and calculated according to a conventional method 26, 27 .
Unsaponifiable matter
Mango seed oil 1.0 g was dissolved in 1 M potassium hydroxide KOH in ethanol solution 10 mL and refluxed for 1 h. This procedure was repeated three times. The unsaponifiable matter was measured and calculated according to a conventional method 26, 27 .
Saponification number
Mango seed oil 0.8 g was dissolved in 0.5 M potassium hydroxide KOH in ethanol solution 25 mL , and refluxed for 1 h. This procedure was repeated three times. The saponification number was measured and calculated according to a conventional method 26, 27 .
Acid number
Mango seed oil 2.0 g was dissolved in a solution of diethyl ester and ethanol 20 mL, 2:1 . This repeated three times. The acid number was measured and calculated according to a conventional method 26, 27 .
Ester value
The ester value was calculated as the saponification number minus the acid number.
Iodine number
Mango seed oil 0.3 g was dissolved in cyclohexane 10 mL . Next, iodine monochloride solution Wijs solution, 25 mL was added, and the solution was kept in the dark for 30 min at room temperature 18 -20 . This procedure was repeated three times. The iodine number was measured and calculated according to a conventional method 26, 27 .
2.2.6 Experimental production of soap Sodium hydroxide 2.36 g was dissolved in purified water 0.88 mL and kept at 40 . Mango seed oil 6.76 g was heated and added dropwise to the NaOH solution 28, 29 . 
The washing effect of the mango seed oil was tested on the removal of lipstick and sauce stains from clothes by applying the soap and scrubbing 20 times using a toothbrush 30 .
2.2.9 Experimental production of lotion Mango seed oil 4.50 g was added to vegetable emulsifying wax 1.65 g and dissolved in hot water at 60 -70 . Purified water was added drop wise and the solution was mixed for 20 min.
RESULTS AND DISCUSSION
Lipid class and fatty acid composition of mango seed oil GC analysis revealed that the major type of glycerol in the mango seed oil from both Miyazaki and Taiwan was triacyl glycerol Table 1 . The composition of fatty acids in the mango seed oil was also determined. The fatty acids detected in mango seed oil were palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic acid Table 2 . For comparison, mangoes from Thailand, Philippines, and Mexico were purchased from a market in Japan, and the seed oil was extracted from these mangoes to determine the fatty acid composition. In agreement with the findings of Muchiri 8 , the major fatty acids were stearic acid Thai- . Arachidic acid was not found in the seed oil of mangoes from Miyazaki and Taiwan, but was found in the seed oil of mangoes from Thailand, Philippines, and Mexico 2.7 , Table 1 Lipid classes composition and chemical characteristics of mango seed oil. Table 2 Fatty acid composition of mango seed oil (%).
2.4 , and 1.3 , respectively . Thus, the fatty acid composition differed according to the country of production and mango variety. Oleic acid comprised 46 of the fatty acid composition in the Miyazaki mango seed oil but 44 of the fatty acids in the Taiwan mango seed oil. In contrast, the seed oil from Taiwan mangoes had a slightly higher amount of the other fatty acids as compared with the Miyazaki mango seed oil. Comparison with oils extracted from other plants revealed that the fatty acid composition of mango seed oil is nearly the same as that of shea butter, which is widely used in cosmetics. Therefore, mango seed oil might find applications in cosmetics.
Chemical properties
The chemical characteristics of seed oil from Miyazaki mangoes were determined; the data are shown in Table 1 . The average molecular mass of fatty acids and oils was 284.7 and 907.0 from the neutralization number and saponification number, respectively. The low acidity of mango seed oil indicated that mango seeds were digested by lipases, enabling the direct use of their oil in industries without requiring further neutralization 31 . The unsaponifiable matter was below 2 , and the ester value was almost the same as the saponification number; the free fatty acids were almost completely removed when mango seed oil was decolorized using activated clay. Unlike the iodine number of olive oil and soybean oil, that of mango seed oil Miyazaki was lower, indicating that it was less susceptible to deterioration.
Deodorizing effect
The deodorization of 10 odorous substances by the seed oil from Miyazaki mangoes was determined. The oil showed good deodorizing effect 70 on both 2-nonenal, which causes body odor among the elderly, and isovaleric acid, a cause of foot odor. No deodorizing effect was obtained for formaldehyde and acetaldehyde, which are considered to cause sick building syndrome, and for ammonia and methyl mercaptan, which are derived from food. However, for hydrogen disulfide a cause of the rotten egg odor from sludge treatment plants , the oil showed a deodorizing effect of about 55 Fig. 1 .
Experimental production of lotion and soap
Because of its marked deodorizing effect on 2-nonenal and isovaleric acid, the seed oil from Miyazaki mangoes was used to prepare lotion and soap. Lotions prepared using mango seed oil and olive oil were compared with a commercial product. The mango seed oil lotion was a viscous liquid and had a moist texture, similar to a smooth cream, as suggested by 10 volunteer subjects. Regular application of mango seed oil lotion to the skin revealed that this lotion had excellent moisturizing capabilities, unlike the other lotions tested. Mango seed oil is composed of more than 50 stearic acid, palmitic acid, and linoleic acid, which are occlusive ingredients usually used in moisturizing products 32, 33 . Further, the pH of mango seed oil soap pH 8.5 was almost identical to that of a commercial soap pH 8.7 . Thus, mango seed oil might be suitable for Fig. 1 Deodorizing effect of mango seed oil (Miyazaki).
use in cosmetics.
Foam and anti-foam testing
The foaming properties of the mango seed oil soap were tested and compared with those of olive oil and commercial soaps. The foam height of olive oil, mango seed oil, and the commercial soap were 6.5 cm, 5.2 cm, and 4.4 cm, respectively. The mango seed oil soap foamed well, but the commercial soap produced the thickest foam. Because the mango seed oil soap produced good foam, its anti-foaming properties were compared with those of olive oil and the commercial soap. When the foam height was compared over time, the commercial soap showed slight anti-foaming property, whereas the mango seed oil soap showed complete anti-foaming after 7 h. The olive oil soap showed complete anti-foaming after 5 h, which was slightly faster than that of the mango seed oil soap Fig. 2 . 3.5 Evaluation of the washing effect of mango seed oil soap After the foam and anti-foam characteristics of mango seed oil soap were confirmed, the washing effect of the soap was determined by visual observation of the removal of lipstick and sauce stains from clothes Fig. 3 . The qualitative evaluation of the washing effect was determined following the general washing procedures. Unlike the olive oil soap and commercial soap, the mango seed oil soap had high detergency, possibly because of its principal ingredients in mango seed oil, i.e., stearic and oleic acid.
CONCLUSIONS
Oleic acid and stearic acid were the principal components of mango seed oil; the fatty acid content did not differ between the oil obtained from Miyazaki and Taiwan mangoes. The deodorizing properties of the oil were the strongest for malodorous compounds 2-nonenal and isovaleric acid. Soaps and lotion were produced from the mango seed oil, and the mango seed oil soap showed high detergency. The low iodine number of mango seed oil indicated that it was less susceptible to deterioration. Thus, mango seed oil might have many potential applications in the cosmetic industry. 
